The methanol-soluble part of Salvia nubicola has yielded a new germacranolide and a new ceramide named nubtrienolide and nubenamide, respectively. Structures of both the isolated constituents were elucidated with the aid of spectroscopic techniques; the nubtrienolide structure was further confirmed via single crystal X-ray diffraction analysis. Among both the metabolites, nubtrienolide showed strong growth inhibition against Pseudomonas aeruginosa while during phytotoxicity testing, the same compound promoted the growth of Lemna minor L. instead to inhibit it.
Introduction
Salvia is the largest genus of the family Lamiaceae having about 800 species throughout the world [1] . Most of the plants of this genus are well known for their constituents showing biological activities, specifically antitumor activity [2] . Several species of Salvia are used in folk medicines, for instance, S. cavaleriei is used for the treatment of dysentery, haemoptysis, boils and fall injuries [3] , S. desoleria for the treatment of menstrual, digestive and CNS diseases [4] , while S. bucharica is used as a traditional medicine for the treatment of liver disorders. The plants of this genus are rich in essential oils and among their constituents, 1, 8-cineol and guaiane mono-and sesquiterpenes are very common [5 -8] .
In continuation of our research on the chemical constituents of Salvia [9 -16] , now we wish to report the isolation, spectroscopic characterization and biological importance of a new germacranolide (1, named nubtrienolide) and a new N-acylsphingosine (ceramide, 2, named nubenamide) from Salvia nubicola collected from Quetta (Pakistan).
Results and Discussion
The ethyl acetate-soluble part of the methanolic extract of Salvia nubicola afforded two new secondary metabolites of sesquiterpene and sphingosine classes.
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Nubtrienolide (1)
Fractions eluted with 5 % ethyl acetate in hexane yielded needles of a new acetoxyl containing sesquiterpene-lactone of the germacrane class (1). The molecular ion peak of 1 was found at m/z = 306 in the electron impact mass spectrum (EI-MS), which was further confirmed through field desorption mass spectrometry (FD-MS). The formula of the molecular ion peak was obtained as C 17 H 22 O 5 through highresolution electron impact mass spectrometry (HREI-MS) showing the presence of seven degrees of unsaturation. The IR spectrum of 1 displayed two prominent absorptions at 3450 and 1750 (broad) cm −1 along with a shoulder at 1620 cm −1 due to the presence of hydroxyl, ester/lactone and olefinic functionalities in the molecule.
The proton NMR spectrum of 1 exhibited five methine and four quaternary methyl signals. Among the methyls, two signals at δ = 2.12 (broad singlet) and 2.08 were due to the H-13 and acetoxyl moiety, respectively. The broadness of the peak at δ = 2.12 was due to long-range coupling. The remaining two methyl groups appeared at δ = 1.46 and 1.77 (d, J = 1.5 Hz) assigned to H-14 and H-15, respectively. Again, the doublet of the quaternary methyl (H-15) with J = 1.5 Hz results from long-range coupling.
The two olefinic methines that appeared at δ = 5.24 (br. t, J = 3.0 Hz) and 5.04 (dd, J = 9.8, 1.5 Hz) were assigned to H-1 and H-5, respectively, and the geometry of the double-bonds associated with these protons was concluded to be E with the help of an X-ray structure determination (Fig. 1) . The remaining three chiral oxymethines resonated at δ = 4.95, 5.13 and 3.08, assigned to H-3, H-6 and H-8, respectively. A signal at δ = 5.13 (d, J = 9.8 Hz, H-6) was due to a methine containing a hydroxyl group, whereas another signal of one proton at δ = 4.95 (ddd, J = 11.3, 4.5, 1.5 Hz, H-3) due to the methine bearing an acetoxyl moiety showed a longrange coupling of 1.5 Hz. The methine of the lactone ring resonated at δ = 3.08 as a double doublet (J = 12.8, 3.7 Hz). The flexibility of the molecular shape of 1 due to the presence of a 10-membered ring prevented the determination of the stereochemistry at the chiral centers C-3, C-6 and C-8 with the aid of coupling constants of the signals of H-3, H-6 and H-8 in the 1 H NMR spectrum. A pair of double-doublets due to methylene H-9 was found at δ = 2.11 (dd, J = 12.6, 12.8 Hz, H-9a) and δ = 2.35 (dd, J = 12.4, 3.7 Hz, H-9b), respectively. However, the signals of H-2 could not be identified in the spectrum due to overlapping of other signals (see also The broad band (BB) 13 C NMR spectrum of 1 showed altogether seventeen signals, which were further resolved via distortionless enhancement by polarization transfer (DEPT) experiments into four methyl, two methylene, five methine and six quaternary carbons. The signals of the acetoxyl moiety appeared at δ = 21.3 (methyl) and 170.1 (carbonyl). The methyl of the lactone-ring (Me-13) resonated at δ = 10.7, whereas the remaining two olefinic methyls appeared at δ = 16.2 (Me-14) and 16.9 (Me-15). The signal of C-9 methylene appeared at δ = 48.3 and the other methylene (C-2), which could not be located in the proton NMR spectrum, appeared at δ = 30.4. The two olefinic methines appeared at δ = 125.8 as a common signal, and their corresponding quaternary carbons resonated at δ = 135.3 (C-10) and 138.0 (C-4). The remaining three oxy-methines appeared at δ = 75.7, 67.6 and 80.8 corresponding to C-3, C-6 and C-8, respectively. The lactone carbonyl resonated at δ = 173.8. The signals of an olefinic function in the lactone ring were located at δ = 163.1 (C-7) and 126.5 (C-11). The chemical shifts of all the carbon signals that appeared in the BB spectrum of 1 are summarized in Table 1 .
On the basis of the above discussed spectral information and by comparison with the literature values [17 -19] , compound 1 was assigned as [3β -acetoxy, 6β -hydroxy-1(10) E, 4E, 7(11)-germacratriene-12, 8β -olide], named nubtrienolide, having a sesquiterpene-like germacrane skeleton. The relative stereochemistry of chiral centers C-3, C-6 and C-8 was determined via X-ray structure analy-sis, the molecular structure being shown in Fig. 1 . Compound 1 crystallizes in the orthorhombic space group P2 1 2 1 2 1 with four formula units C 17 H 22 O 5 in the unit cell (see Experimental Part for crystal data). This germacrane-lactone has not been reported so far from any other natural source.
Nubenamide (2)
The second metabolite which could be isolated from the ethyl acetate-soluble part was a new ceramide (2) . The white powder of 2 was melting in the range between 84 -86 • C, and its IR spectrum displayed three prominent absorptions: A broad absorption centered at 3380 cm −1 due to the overlapping of NH and OH functions, a strong absorption at 1660 cm −1 assigned to an amide carbonyl function, and one at 1630 cm −1 due to the olefinic function.
The EI-MS of 2 exhibited a peak at m/z = 901 due to the loss of a water molecule from the molecular ion peak. The formula associated with this peak was confirmed through HREI-MS as C 59 H 115 NO 4 showing the presence of three degrees of unsaturation in the molecule. The length of both carbon chains and the position of the olefinic bond were elucidated with the help of the mass fragmentation pattern as given in Table 2 (see also Fig. 2) .
Due to the hydrocarbon-type nature of 2, most of the signals in the 1 H NMR spectrum appeared as multiplets. Some significant signals are described here: The the amide carbonyl carbon. In addition to olefinic methines, compound 2 contains three hydroxymethines and an aminomethine group. The former protons appeared in the proton NMR at δ = 4.32 (dd, J = 7.4, 4.8 Hz, H-2), 4.60 (dd, J = 7.4, 7.3 Hz, H-3) and at δ = 4.27 (m, H-4), the latter (H-1) resonated at δ = 5.09 as a multiplet. The corresponding carbon atoms resonated at δ = 76.9 (C-2), 72.5 (C-3), 72.9 (C-4) (methines) and δ = 53.0 (C-1) (aminomethine). For detailed NMR data see Table 3 .
The assignments of various protons and their corresponding carbons in the molecule were made with the aid of HMQC experiments and were cross-checked via COSY-45 (Fig. 3) and HMBC (Fig. 4) techniques.
The stereochemistry at the chiral centers C-1 to C-3 of 2 has already been established in similar molecules [20] . However, the stereochemistry of hydroxyl C-4 was determined through an acetonide derivative. Compound 2 was treated with acetone and zinc chloride, and the reaction mixture left overnight at r. t., whereby the β -orientation of the hydroxyl group at C-4 could be confirmed. On the basis of the spectral information given above, the structure of compound 2 was established as 6 -tetracosenamide, N-[2, 3, 4-trihydroxy-1-(hydroxymethyl) tetratriacontyl]-(6 -E), named nubenamide.
Compound 2 contains a ceramide-type skeleton, and such compounds have already been reported in the literature [21 -22] . Structurally, ceramides are N-acylsphingosines, which are mostly found in cell walls of plants and animals, and metabolite 2 (nubenamide) is a new representative of this class.
Biology
Among both the tested metabolites, nubtrienolide (1) showed strong growth inhibition against Pseudomonas aeruginosa, whereas nubenamide (2) showed no significant response when tested against bacteria. Similarly, during phytotoxicity testing, 1 promoted the growth of Lemna minor L., while 2 did not show any meaningful results (Tables 4 and 5 ). 70.0 n. a. a n. a.: not active, standard drug: tetracycline (100 % inhibition), sample conc.: 200 µg/100 mL, incubation time: 2 -8 h at 37 • C. All experiments were run in duplicate (n = 2). 33.0 23.5 n. a. a n. a.: not active, standard drug: paraquat (100 % inhibition). All experiments were run in triplicate (n = 3); b growth promoter.
Experimental Section

General
The 1 H and 13 C NMR spectra were recorded at 400 and 100 MHz, respectively, on a Bruker AM 400 instrument in CDCl 3 and C 5 D 5 N.
Collection and identification
Plant material was collected from Urhat-Juniper forest, near Zearat (Quetta, Pakistan) in the month of July (1999) and identified by Dr. Rasool Baksh Tareen, Department of Botany, Balouchistan University, Quetta (Pakistan), where the voucher specimen (No.613) of the plant is deposited in the herbarium.
Extraction and isolation
The fresh plant material (all parts, 13 kg) was dried under shade (6.5 kg) for a period of two weeks, then soaked in hexane (12 L × 2) and methanol (12 L × 2) for ten days in each solvent. Solvents were evaporated through vacuum distillation. The condensed and crude methanolic extract (217 g) was then partitioned between water and ethyl acetate. The ethyl acetate layer was again condensed (167 g) and subjected to column chromatography using hexane, hexaneethyl acetate, ethyl acetate, and ethyl acetate-methanol as mobile phases.
The fraction eluted with 5 % ethyl acetate in hexane yielded 1 in semi-pure form which on washing with pure methanol afforded needles of 1 (7 mg). Further elution with 30 % ethyl acetate in hexane yielded 2 as a white powder (8.1 mg).
Nubtrienolide (1) [3-acetoxy, 6-hydroxy-1(10) 
Structure determination of 1
A single crystal having dimensions 0.30 × 0.20 × 0.15 mm 3 was used for X-ray intensity data collection. Table 6 contains further crystal and structure determination data. CCDC 172950 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Procedures for bioassays
Antibacterial activity: The antibacterial bioassay was performed against bacteria using agar well diffusion technique. The pure bacterial cultures were inoculated in nutrient broth and incubated at 37 • C for 2 -8 h. Turbidity of the nutrient broth in the test tubes was compared with the McFarland turbidity standard. Test samples were added in their respective wells. The zones of inhibition (in mm) were measured and compared with the control [23] . The results of antibacterial assays are given in Table 4 . Phytotoxicity: The Lemna minor L. plants were used for this assay. Stock solutions were prepared by dissolving 5 mg of the samples in 0.5 mL of ethanol. Nine flasks, three for each concentration, were charged with 1000 µL, 100 µL and 10 µL of the stock solution for 500, 50 and 5 ppm. The solvent was evaporated overnight under sterile conditions. To each flask, 20 mL of E-medium at pH = 5.5 -6.0 was added. Then ten plants of Lemna minor L. having a rosette of three fronds were added to each flask. Two other flasks were supplemented with solvent and reference plantgrowth-inhibitor, serving as negative control. The flasks were plugged with cotton and placed in growth cabinets for seven days. On the 7 th day the number of fronds per flask was counted [24] . Interpretation of results was made by analyzing growth regulation in percentage, calculated with reference to the negative control. The results of this bioassay are shown in Table 5 .
